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Abstract

Records were for Rambouillet sheep from data collected from 1950 to 1998 at the U.S. Sheep Experiment Station, Dubois,
Idaho, USA. Number of observations were 44,211 for litter size at birth and litter size at weaning, 35,604 for birth weight,
34,114 for weaning weight, 39,820 for fleece weight, 39,821 for fleece grade, and 3574 for staple length. Genetic parameters
from both single- and two-trait analyses for prolificacy, weight, and wool traits were estimated using REML with animal models.
Direct heritability estimates from single-trait analyses were 0.09 for litter size at birth, 0.06 for litter size at weaning, 0.27 for
birth weight, 0.20 for weaning weight, 0.51 for fleece weight, 0.16 for fleece grade, and 0.58 for staple length. Estimates of
direct genetic correlation between litter sizes at birth and weaning was 0.76 and between birth and weaning weights was 0.60.
Estimates of genetic correlation between fleece weight and staple length was positive (0.45), but negative between fleece weight
and fleece grade{0.47) and between staple length and fleece gra@de52). Estimates of genetic correlations were near zero
between birth weight and litter size at weaning, small and positive between birth weight and litter size at birth, and moderate and
positive between weaning weight and litter size traits. Fleece weight, fleece grade, and staple length were slightly but negatively
correlated with both litter size traits. Estimates of correlations between weight traits and fleece weight were positive and low to
moderate. Estimates of correlations between weight traits and fleece grade were negative and small, while estimates between
weight traits and staple length were positive and small. Breeding values from both single- and seven-trait analyses calculated
using the parameters estimated from the single- and two-trait analyses were compared across years of birth with respect to genetic
trends. Estimated breeding values averaged by year of birth from both the single- and seven-trait analyses for the prolificacy and
weight traits increased over time, while those for fleece weight decreased and those for the other wool traits were unchanged.
Estimated changes in breeding values over time did not differ substantially for the single- and seven-trait analyses, except for
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traits highly correlated with another trait that was responding to selection (i.e., litter size at birth, which was highly correlated
to both litter size at weaning and weaning weight).
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction the mid 1800s ickson and Lush, 1933 was de-
veloped into a dual-purpose breed in the UlSulfz
Few long-term selection studies have been con- and Hill, 193). The Rambouillet was the founda-
ducted with dual-purpose Western range sheep in thetion of most Western U.S. range flocké/éntworth,
U.S.Lasslo et al. (1985eported geneticimprovement  1948. The Rambouillet breed has been maintained
in Targhee sheep selected for weaning weight over 20 and included in a variety of selection projects at the
years, in a range environmeiurfening et al. (1993) USSES Ercanbrack and Knight, 1981, 1998nd is
found that 18 years of selection based on a reproduc- one of the foundation breeds used in development of
tive index of lifetime number of lambs born resulted the Columbia, Targhee and Polypay breedsr(ill,
in a favorable response in Rambouillet range ewes. 1947; Wentworth, 1948; Hulet et al., 1987 his popu-
Ercanbrack and Knight (1998howed that selection lation of Rambouillet sheep represents the longest time
solely for litter weight of lamb weaned substantially span (49 years) and the largest number of animals (ap-
increased lamb production with only minor penalties proximately 44,000 lamb records) currently available
in wool production for four breeds of range sheep se- for determining genetic parameters for the Rambouil-
lected for a 12-year period. Althou@akul etal. (1999)  let breed. Currently, few estimates of genetic parame-
reported only slightimprovementin litter size and 120- ters for the Rambouillet breed are availatBeomley
day weight over a 30-year period for Targhee sheep in et al. (2000)estimated genetic parameters using data
a range environment, the authors concluded that the re-collected from 1977 to 1996 from this population.
sponse represented a potentially significant economic  For 49 years (1950-1998), the Rambouillet breed
advantage. Analyses of Columbia and Targhee sheepat USSES was subjected to different selection crite-
selected concurrently with the Rambouillet sheep sum- ria, all generally related to increasing weaning weight.
marized in this paper indicated that both Columbia and Early in the period studied, selection favored wool and
Targhee sheep respond favorably to selection for wean-growth traits (approximately 1950-1969), followed by
ing performanceHlanford et al., 2002, 2003 selection for individual lamb weaning weight and lit-
The objective of this study was to document ge- ter size (1969-1976), for weaning weight of the lamb
netic trends in production traits of the Rambouillet or total litter weight weaned of the ewe (1976-1992)
breed at the United States Sheep Experiment Stationand finally for wool or total litter weight weaned
(USSES), Dubois, Idaho, USA, over a 49-year period (1992-1998). For many of these years, a random
(1950-1998), where selection has been based on weanbred control line was also maintained. Lines were re-
ing performance under range conditions. The traits an- randomized when new selection criteria were imposed.
alyzed included prolificacy, weight, and wool traits. Rams in control lines that were superior for the selec-
Another objective was to compare genetic trends for tion traits were often used in the appropriate selection
each trait estimated from either a single-trait analysis lines. The effects of specific selection objectives could
or from a seven-trait analysis. not be accounted for because of the re-randomization
of breeding animals over the years of this study. The
genetic trend in this flock, however, may represent gen-
eral, but changing, selection emphases of the American
2.1. Animals and management Sheep industry over this time period.
The number of records per trait, as well as unad-
The Rambouillet breed, although originally devel- justed means and standard deviations, are presented in
oped in France as a wool breed, after importation in Table 1 Ercanbrack and Knight (199&nd Hanford

2. Materials and methods
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Table 1
Number of records, animals with records, sires and dams of animals with records, years of records, and unadjusted means and standard deviations
of prolificacy, weight, and wool traits

Trait Records Animals with records Sires Dams Years of record Me&D.
Prolificacy traits (trait of ewe)
Litter size at birt® 44211 12306 1648 5806 1950-1998 .33+ 0.69
Litter size at weaning 44211 12306 1648 5806 1950-1998 9D+ 0.70
Weight traits (trait of lamb)
Birth weight (kg) 35604 35604 1830 9484 1950-1998 684 0.77
Weaning weight (kg) 34114 34114 1829 9384 1950-1998 33%.4
Wool traits (trait of ewe)
Fleece weight (kg) 39820 11153 1637 5699 1953-1998 .654 0.91
Fleece grade, U.S. spinning colint 39821 11153 1637 5699 1953-1998 B3 2.1
Staple length (cm) 3574 3574 495 1903 1977-1991 .74% 0.95

2 Includes records from all ewes exposed to a ram at breeding and present at lambing.
b Spinning counts equivalence to micron system: 60 = 23.50—-24.94; 62 = 22.05-23.49; 64 = 20.60-22.04; 70 = 19.15-20.59.

et al. (2002)previously described management of the age, using individual birth weight and ADG from birth

flock. to weaning.
2.1.1. Prolificacy traits 2.1.3. Wool traits
Lambs were born primarily in April. Litter size at Annual greasy fleece weight (kg) and fleece grade

birth (number of lambs born per ewe exposed in single- (U.S. spinning count) were obtained at shearing in late
sire pen matings) and litter size at weaning (number of May. Fleece grades were subjectively determined by
lambs weaned per ewe exposed) were recorded for eactcertified graders according to U.S. wool grade stan-
ewe exposed and present at lambing. Only lambs raiseddards Pohle, 1963 Staple length (cm) was measured

by their dam were included in litter size at weaning. prior to shearing at midside without stretching the fiber.
Number of litters and survival are presented by the type Staple length was primarily measured on yearlings.
of birth in Table 2 Number of ewes, litter size at both  Staple lengths for yearling ewes were available from
birth and weaning, and survival are presented by age 1977 to 1991. Only wool data from ewes with lambing

of ewe at lambing ifTable 3 records were included in these analyses.

2.1.2. Weight traits 2.2. Statistical analysis

Birth weight (kg) was recorded for all lambs born
alive. Only records from purebred lambs raised by their ~ (Co)variance components were estimated from
birth dam were included in analyses of weaning weight Single-trait analyses using models describethible 4

data. Weaning weight (kg) was adjusted to 120 days of (Co)variance components between traits were es-
timated from two-trait analyses with the models
Table 2 described iTable 4combined with appropriate covari-
Number of litters of ewes bred and present at lambing and unadjusted ances between random effects in the model for the pairs
survival rates (percentage of lambs born) at birth and weaning by type . . . .
of birth of traits. Breeding values of individual animals were

estimated from single-trait analyses and were also esti-

Birth type &g}?ﬁ{g liters S_urvwal—_ mated from a seven-trait analysis, using the within trait
Birth Weaning co(variances) from single-trait analyses and between
Nonpregnant 4395 (9) - - trait covariances from two-trait analyses. Means of es-
Singles 21851 (49) 90.1 76.6 timated breeding values by year of birth were calcu-
mp‘;‘;s 16?5;’ o(?(’g 22'2 4712-471 lated from the seven-trait analysis and compared with
Quadruplets 22 (@) 90.9 306 the corresponding means of estimated breeding values

from single-trait analyses.
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Table 3

Number of litters and unadjusted litter sizes of ewes bred and present at lambing and survival rates (percentage of lambs born) at birth and
weaning (120 days) by age of ewe at lambing

Age (years) Number of ewes Number of litters Litter sizé Survival

(% of total) - - - -

Birth Weaning Birth Weaning

1 3977 (90) 2272 0.65 0.40 90.8 64.5
2 10119 (229) 9201 1.12 0.79 90.6 71.9
3 8642 (196) 8105 1.37 1.00 90.1 74.7
4-6 16913 (38) 16022 1.55 1.16 93.7 76.7
>7 4560 (103) 4214 154 1.09 93.9 72.9

2 Includes records from all ewes exposed to a ram at breeding and present at lambing.
Fixed factors shown ifiable 4are the same as were For the two-trait analyses, correlations between
used with the analyses of the Columbldafford et permanent environmental effects were estimated be-
al., 2003 and TargheeHanford et al., 2008breeds. tween prolificacy traits and wool traits recorded in the
For two-trait analyses for litter size at weaning with same year of production. Estimates of environmen-
each of the wool traits, the fixed effect of number of tal correlations between a ewe’s own birth weight,
lambs weaned included in the model for wool traits was weaning weight, and yearling staple length and her
dropped from the model due to apparent confounding prolificacy and wool traits were calculated with the
with litter size at weaning. formula presented b@kut et al. (1999)which forces

Table 4

Description of fixed and random factors in animal models associated with prolificacy, weight, and wool traits

Trait

Fixed factors

Random factors

Covariate

Litter size at birth

Litter size at weaning

Birth weight (kg)

Weaning weight (kg)

Fleece weight (kg)

Fleece grade, U.S. spinning count

Staple length (cm)

Year of reproduction
Age of ewe (years)

Year of reproduction
Age of ewe (years)
Foster cod®

Year of birth

Age of dam (years)
Gender of lamb
Type of birth

Year of birth
Age of dam (years)
Gender of lamb
Type of birth and reariry

Year of production
Age of ewe (years)
Number of lambs weanéd

Year of production
Age of ewe (years)
Number of lambs weanéd

Year of production
Number of lambs weanéd

Direct genetic (ewe)
Permanent environmental (ewe)

Direct genetic (ewe)
Permanent environmental (ewe)

Direct genetic (lamb)
Maternal genetic (dam)
Permanent environmental (dam)

Direct genetic (lamb)
Maternal genetic (dam)
Permanent environmental (dam)

Direct genetic (ewe)
Permanent environmental (ewe)

Direct genetic (ewe)
Permanent environmental (ewe)

Direct genetic (yearling ewe)

Day of year shorn

Day of year shorn

Day of year shorn

a Foster code: 1, if ewe did not raise a foster lamb; 2, if ewe did raise a foster lamb.

b One of eight types of birth and rearing combinations was assigned to each lamb to account for a lamb born as a single, twin, triplet, or
quadruplet, and reared as a single,

twin, or triplet.

¢ For two-trait analyses with litter size at weaning, number of lambs weaned was dropped from the model.
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the covariance between environmental effects into the A derivative-free REML algorithm (DFREML,
covariance between permanent environmental effectsGraser et al., 1987 using computer programs
rather than to the covariance between residual effectsof Boldman et al. (1995)was used to estimate
when one of the traits is measured more than once. The(co)variance components. Local convergence was de-
environmental variance for the single-measured trait fined as when the variance of the? log-likelihoods
was calculated by summing variance components for in the simplex was less than 1@ Global convergence
permanent environmental and temporary environmen- was considered attained when the@ log-likelihoods
tal effects. For pairs of traits measured in the same year did not change to the third decimal after restarting.
for each ewe (litter size at birth, litter size at weaning,
fleece weight, and fleece grade), covariances between
both permanent and temporary environmental effects 3. Results and discussion
were estimated from two-trait analyses.

To estimate breeding values jointly for seven traits, 3.1. Estimates from single-trait analyses
estimates of (co)variances from single-trait analyses
and estimates of covariances from two-trait analyses  Estimates of genetic parameters from single-trait
were used for the mixed model equations. A<99 analyses for prolificacy, weight, and wool traits are
genetic (co)variance matrix and an k111 environ- given in Table 5 Except where noted, estimates of
mental (co)variance matrix were constructed. If the genetic parameters were similar to those reported for
permanent environmental effect was completely con- Columbia and Targhee, which were contemporaries of
founded with the temporary environmental effect, a the Rambouilletat USSES&I&nford etal., 2002, 2003
fraction of the total environmental variance (0.0001)
was arbitrarily assigned to the temporary environmen- 3.1.1. Prolificacy traits
tal variance for traits measured only once and the  Heritability estimates were small, 0.09 for litter size
remainder was assigned to the permanent environmen-at birth and 0.06 for litter size at weaning. Fractions of
tal variance anford et al., 2008 Each (co)variance  variance due to permanent environmental effects of the
matrix had to be adjusted to be positive definite by ap- ewe were also small, 0.05 for both litter size traits. The
plying singular value decomposition to each of the two estimates are similar to estimates previously reported

matrices Hanford et al., 2008 for dual-purpose breeds for both litter size at birth and
Table 5
Estimates of genetic parameters and standard errors from single-trait ahalyses
Trait h2 hZ, Fam p? e ag
Prolificacy traits (trait of ewe)
Litter size at birth 0.09- 0.01 ND? NDP 0.05+ 0.01 0.87+0.01 0358
Litter size at weaning 0.0& 0.01 ND? NDP 0.05+0.01 0.90+ 0.01 Q380
Weight traits (trait of lamb)
Birth weight (kg) 0.27+ 0.02 0.19+ 0.01 0.03+ 0.04 0.07+£0.01 0.464+ 0.01 Q397
Weaning weight (kg) 0.28: 0.01 0.10+ 0.01 0.33+0.07 0.04+ 0.01 0.60+ 0.01 195
Wool traits
Fleece weight (kg) 0.5% 0.01 ND NDP 0.114+0.01 0.38+0.01 0607
Fleece grade, spinning count 0.460.01 ND? NDP 0.0740.01 0.77+ 0.01 297
Staple length (cm) 0.58 0.03 ND? NDP NDS 0.42+0.03 Q722

a hg: direct heritability;h%: maternal heritabilityram: correlation between direct and maternal genetic eff@étsjariance due to permanent
environmental effects associated with the animal as proportion of total variance, where the animal is the ewe for ewe traits and the dam for lamb
traits; &: variance due to residual effects as proportion of total variarﬁ:q;henotypic variance.

b Maternal effects not included in the model for traits of the ewe.

¢ Permanent environmental effects not included for staple length because the trait was measured only once at 1 year of age.
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at weaning Burfening et al., 1993; Safari and Fogarty,
2003 and to estimates for lambs born per parturition
and lambs weaned per parturitiate(Vries et al., 1998;
Sakul et al., 1999 The heritability estimate for litter
size at weaning is similar to the realized heritability
estimate for survival to weaning reported Bsadford

et al. (1999¥or grade Targhee ewes.

3.1.2. Weight traits

Estimates of direct heritability were moderate for
both birth weight (0.27) and weaning weight (0.20).
The estimate of maternal heritability for birth weight
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respectively. These estimates are similar to those re-
ported for fleece weight and staple length for Columbia
and Targhee bidanford etal. (2002, 2003)put the esti-
mate for fleece grade was smaller than the 0.41 reported
for both breeds. The estimate for fleece weight was on
the higher end of the range of estimates (0.15-0.55)
for dual-purpose breedsséfari and Fogarty, 2003

but smaller than the 0.60 reported Baboulard et

al. (1995)for clean fleece weight in western white-
face ewes. The estimate for fleece grade was smaller
than any of the estimates (0.18-0.75) for dual-purpose
breeds compiled bgafari and Fogarty (2003Hillers

was nearly twice as large as for weaning weight (0.19 and Everson (19723ndRoff (2001)reported heritabil-

versus 0.10). Estimates of genetic correlation between ity estimates from traits with discrete measures to be
direct and maternal effects were near zero for birth consistently smaller than heritability estimates from
weight (0.03) and moderate for weaning weight (0.33). continuous data. Spinning countis measured discretely
As a proportion of total variance, estimates of variance but fiber diameter is measured on a continuous scale
due to permanent environmental effects associated with (Safari and Fogarty, 2003Estimates of variance as a
the dam were similar for birth weight (0.07) and wean- proportion of total variance due to permanent environ-
ing weight (0.04). Estimates for direct and maternal mental effects of the ewe were 0.11 for fleece weight
heritabilities for weaning weight were similar to the and 0.07 for fleece grade.

estimates of 0.22 and 0.11, respectively, reported for
Targhee Hanford et al., 2008 but were greater than
the estimates of 0.16 and 0.08 reported for Columbia
(Hanford et al., 200R The estimate of direct heritabil- Estimates of genetic correlations from two-trait
ity for birth weight was within the range of estimates analyses among and within groups of prolificacy,
for dual-purpose breeds compiled Bgifari and Foga-  weight and wool traits are presentedTiable 6 Ex-

rty (2003)of 0.03-0.41, but greater than the estimate cept where noted, the estimates were in good agree-

3.2. Estimates from two-trait analyses

of 0.13 reported bylurado et al. (1994)The estimate
of direct heritability for weaning weight was in gen-

eral agreement with the range of estimates (0.10-0.45)

ment with the estimates reported for the contemporary
Columbia and Targhee byanford et al. (2002, 2003)

for dual-purpose breeds for weaning weights measured3.2.1. Within prolificacy traits

between 100 days and 4 montiSatari and Foga-
rty, 2003 and to the estimate of 0.19 reported Aly
Shorepy and Notter (19969r 120 days weight. The
larger estimate of maternal heritability for birth weight

compared with the estimate for weaning weight sup-

ports the conclusion dRobison (1981}hat maternal

genetic effects generally are important for measure-

The estimate of direct genetic correlation between
litter size at birth and litter size at weaning was large
and positive (0.76) and within the range of estimates
(0.29-1.00) reviewed b8afari and Fogarty (2003)

The estimate of correlation between permanent en-
vironmental effects of ewes was moderate and positive
for litter size at birth with litter size at weaning (0.57)

ments of weight at younger ages and diminish with and was similar to the estimate of 0.52 reported for
increasing age. This diminishing maternal genetic ef- Columbia but somewhat smaller than the estimate of
fect on lamb weight over time has also been reported 0.73 reported for Targheélanford et al., 2002, 2003

by others Al-Shorepy and Notter, 1996;&holm and
Danell, 1996.

3.1.3. Wool traits
Estimates of direct heritability were 0.51, 0.16, and

3.2.2. Within weight traits

The estimate of direct genetic correlation between
birth and weaning weights was moderate and positive
(0.60) and within the range (0.16-0.82) compiled by

0.58, for fleece weight, fleece grade, and staple length, Safari and Fogarty (2003)etween birth weight and
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Table 6
Estimates of genetic and environmental correlations from two-trait analyses between prolificacy, weight, and wool traits
Trait 1 Trait 2 rg 'm laim2 la2m1 p e
Litter size at birth Litter size at weaning 1® 0.57 054
Birth weight (kg) Weaning weight (kg) .60 0.36 0.08 0.25 0.36 R
Fleece weight (kg) Fleece grade (count) —-0.47 -0.20 —0.09
Fleece weight (kg) Staple length (cm) 48 NDP 0.21
Fleece grade (count) Staple length (cm) —0.52 NDP —0.06
Litter size at birth Birth weight (kg) @4 0.06 —0.00
Litter size at birth Weaning weight (kg) 40 0.25 007
Litter size at weaning Birth weight (kg) .00 0.27 001
Litter size at weaning Weaning weight (kg) .56 0.70 003
Litter size at birth Fleece weight (kg) -0.08 030 -0.12
Litter size at birth Fleece grade (count) -0.11 009 001
Litter size at birth Staple length (cm) —0.16 NDP 0.05
Litter size at weaning Fleece weight (kg) —-0.04 0.10 011
Litter size at weaning Fleece grade (count) —0.10 0.10 002
Litter size at weaning Staple length (cm) —0.04 NDP 0.02
Birth weight (kg) Fleece weight (kg) .1 0.16 019
Birth weight (kg) Fleece grade (count) —0.15 —0.02 —0.00
Birth weight (kg) Staple length (cm) .m4 —0.02 Q13
Weaning weight (kg) Fleece weight (kg) 2 0.11 024
Weaning weight (kg) Fleece grade (count) -0.14 —0.02 Qo0
Weaning weight (kg) Staple length (cm) .09 0.05 026

2 rg: correlation between direct genetic effeats; correlation between maternal genetic effectsy;: correlation between direct additive
genetic effect for trait and maternal genetic effect for trgitr,: correlation between permanent environmental effects (maternal between birth
weight and weaning weight and direct between prolificacy and wool traits)prrelation between temporary environmental effects.

b permanent environmental effects not included for staple length because the trait was measured only once at 1 year of age.

weaning weight measured between 100 and 120 days. The negative (unfavorable) estimate of the genetic
The estimate of maternal genetic correlation between correlation between fleece grade and fleece weight
birth weight and weaning weight was also moderately was in general agreement with positive (unfavor-
positive (0.36) although somewhat smaller than the es- able) estimates between fleece fiber diameter and
timate of 0.58 and 0.43 reported for Columbia and fleece weight previously publisheth{an et al., 1992;
Targhee KHanford et al., 2002, 20Q0&nd smaller than  Safari and Fogarty, 2003The positive estimate of ge-
the range (0.49-0.93) compiled Bafari and Fogarty  netic correlation (0.45) between fleece weight and sta-
(2003) Estimates of genetic correlations between di- ple length agreed in direction with the estimate of 0.20
rect and maternal effects were both small to moderate between yearling fleece weight and staple length re-
(0.08 and 0.25). The estimate of correlation between ported for Merino sheep b#tkins (1997) Although
permanent environmental effects of the dam for birth Atkins (1997)reported a negative (favorable) genetic
and weaning weights was moderate and positive (0.36) correlation between yearling fiber diameter and sta-
and somewhat smaller than estimates of 0.46 and 0.44ple length (0.10), the negative (unfavorable) genetic
for Columbia and Targheél@nford et al., 2002, 2003 correlation between fleece grade and staple length es-
timated in this study indicates that staple length would
3.2.3. Within wool traits decrease as a genetic response to an increase in fleece

Estimates of direct genetic correlations were posi- grade (fiber diameter becomes finer).
tive between fleece weight and staple length (0.45) and
negative between fleece grade and both fleece weight3.2.4. Prolificacy and weight traits
(—0.47) and staple length-0.52), in agreement with Estimates of genetic correlations among prolificacy
previous estimatesS@boulard et al., 1995; Hanford et and weighttraits ranged from 0.00 between litter size at
al., 2002, 2008 weaning and birth weight to 0.56 between litter size at
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weaning and weaning weight. The estimate of genetic
correlation between litter size at birth and birth weight
(0.24) was larger than the 0.10 and 0.00 reported for
Columbia and TargheeH@nford et al., 2002, 2003
The estimate of the genetic correlation between birth
weight and litter size at weaning (0.00) was smaller
than the estimate (0.34) reported in the review by
Fogarty (1995)

The estimate of genetic correlation between wean-
ing weight and litter size at birth (0.49) was larger than
estimates of 0.33 and 0.20 reported for Columbia and
Targhee fanford et al., 2002, 20Q03The estimate of
genetic correlation between weaning weight and litter
size at weaning (0.56) was also larger than the esti-
mates of 0.25 and 0.15 reported for the Columbia and
Targhee breed$Hanford et al., 2002, 2003

Estimates of correlations between direct genetic ef-
fects for prolificacy traits and maternal genetic effects
for weight traits ranged from 0.06 between litter size
at birth and birth weight to 0.70 between litter size
at weaning and weaning weighwhich were in gen-
eral agreement with the estimates for Columbia and
Targhee Hanford et al., 2002, 2003

3.2.5. Prolificacy and wool traits

All estimates of genetic correlations between pro-
lificacy traits and wool traits were negative and small,
ranging from—0.16 between litter size at birth and
staple length to-0.04 between litter size at weaning
and both fleece weight and staple lengithnford et al.
(2002, 2003Yyeported between litter sizes at birth and
weaning and fleece grade small positive correlations
for both Columbia (0.17 and 0.04, respectively) and
Targhee (0.09 and 0.11, respectively). The finer wool
grade ofthe Rambouiillet breed (average 63.2 count) ap-
pears to be more adversely affected by increases in pro-
lificacy than either Columbia or Targhee, with average
grade counts of 55.9 and 60.2, respectivébargford
etal., 2002, 2008

3.2.6. Weight and wool traits

Estimates of genetic correlations ranged freth 15
between birth weight and fleece grade to 0.27 between
weaning weight and fleece weight. Positive correla-
tions for fleece weight with birth and weaning weight
(0.21and 0.27, respectively), suggest some genetic fac-
tors influencing animal growth may also influence wool
growth.
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Fig. 1. Means of estimates of breeding value (BV) for litter size at
birth by year of birth from single- and seven-trait analyses.

3.3. Estimates of genetic change

Means of estimates of breeding value by year of
birth calculated from single-trait analyses and from the
seven-trait analysis are plottedrigs. 1 and Zor pro-
lificacy traits, inFigs. 3 and 4for weight traits, and
in Figs. 5—7for wool traits. The means are deviations
from the means of estimates of breeding value for an-
imals born in 1950 (1977 for staple length). Except
where noted, results were similar to those reported for
the contemporary Columbia and TargheeHgnford
et al. (2002, 2003)

3.3.1. Prolificacy traits
Means of estimates of breeding value by year of
birth for litter size at birth from the single-trait analysis
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Fig. 2. Means of estimates of breeding value (BV) for litter size at
weaning by year of birth from single- and seven-trait analyses.
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Fig. 3. Means of estimates of breeding value (BV) for birth weight
of lambs by year of birth from single- and seven-trait analyses.
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Fig. 4. Means of estimates of breeding value (BV) for weaning
weight of lambs by year of birth from single- and seven-trait analyses.
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analyses.
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Fig. 6. Means of estimates of breeding value (BV) for fleece grade
of ewes and ewe lambs by year of birth from single- and seven-trait
analyses.

and the seven-trait analysis were similar from 1950 to
1980 (Fig. 1). From 1980 to 1990, average estimates of
breeding values from the seven-trait analysis increased
at a greater rate than average estimates from the single-
trait analysis, so that by 1990, the average estimate of
breeding value from the seven-trait analysis was 0.2
lambs greater than from the single-trait analysis. This
difference for litter size at birth may be due to the pos-
itive direct correlations between litter size at birth and
both litter size at weaning (0.76) and weaning weight
(0.56) which both increased. From 1990 to 1998, av-
erage estimates from both the single- and seven-trait
analyses for litter size at birth did not increase. The
mean estimates for litter size at birth increased about
0.4 lambs from 1950 to 1998. Differences between
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Fig. 7. Means of estimates of breeding value (BV) for staple length
of ewe lamb fleeces by year of birth from single- and seven-trait
analyses by year of birth.
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the single- and seven-trait analyses were less for both means of estimates of breeding value for birth weight
Columbia and TargheeH@nford et al., 2002, 2003 may be due to the positive genetic correlations between
These differences among the breeds could be due tobirth weight and litter size at birth (0.24). Means of
the smaller estimates of direct correlation between lit- estimates of breeding value for birth weight from the
ter size at birth and weaning weight (0.33 and 0.20, single- and seven-trait analysesincreased about0.4 and
respectively, for Columbia and Targhee). 1.0kg, respectively, during the study period. The plot

Means of estimates of breeding value by year of was different fromthe pattern of plots for Columbiaand
birth for litter size at weaning from the single- and Targhee Hanford et al., 2002, 2003Differences be-
the seven-trait analyses also were similar from 1950 to tween the mean estimates from single- and seven-trait
1980 Fig. 2). From 1980 to 1992, average estimates of analyses for these two breeds were less and probably
breeding values from the seven-trait analysis increasedrelated to smaller estimates of genetic correlation be-
at a greater rate than average estimates from the singletween birth weight and litter size at birth (0.10 and 0.00,
trait analysis, so that by 1992, the average estimate of respectively, for Columbia and Targhee).
breeding value from the seven-trait analysis was 0.2  Means of estimates of breeding value for wean-
lambs greater than from the single-trait analysis. This ing weight by year of birth from single-trait analysis
0.2 lamb difference was maintained from 1992 to 1998, were slightly greater during the entire study period than
even though the average estimates of breeding valuesmeans of estimates of breeding value from the seven-
declined by 0.2 lambs during this period. The mean trait analyses, with the exception of 198bid. 4).
of estimates of breeding value for litter size at wean- During the 49-year period, the mean of estimates of
ing increased by 0.4 lambs during the study period, breeding value increased about 9.0kg. Plots of the
which was similar to the increase for litter size at birth. mean estimates by year of birth for weaning weight fol-
Except for the decline from 1992 to 1998, the plot of lowed a pattern different from the patterns from single-
the mean estimates of breeding value by year of birth and seven-trait analyses for Columbia and Targhee, for
for litter size at weaning was similar to that for the which the seven-trait means were slightly greater than
Targhee Hanford et al., 2008 with the average esti-  the single-trait meansHanford et al., 2002, 2003
mates from the seven-trait analysis greater than thoseBirth weights for both Columbia and Targhee had in-
from the single-trait analysis. However, the pattern was creased more over the study period (0.8 and 0.6 kg,
different for the ColumbiaHanford et al., 200§ for respectively) than for the Rambouillet (0.4kg). The
which the average estimates of breeding value calcu- smaller increase for the Rambouillet for birth weight,
lated from the single-trait analysis were greater than which is highly correlated to weaning weight (0.60),
the average estimates of breeding value calculated frommay have contributed to the difference in estimates of
the seven-trait analysis, which was thought to be due genetic change for weaning weight between the Ram-
partly to the introduction of outside Columbia rams, bouillet and the other two breeds.
which negatively impacted weaning weight, which, in
turn, was correlated with litter size at weaning (0.24). 3.3.3. Wool traits

Means of estimates of breeding value for fleece

3.3.2. Weight traits weight by year of birth from single- and seven-

Means of estimates of breeding value for birth trait analyses showed a fairly consistent pattern with
weight by year of birth from the single-trait analysis means of estimates from the seven-trait analysis be-
were slightly less from 1951 to 1957 than means of ing slightly greater than means from the single-trait
estimates of breeding value from the seven-trait anal- analysis Fig. 5. The larger means of estimates of
ysis [Fig. 3). During that period, the average estimate breeding value from the seven-trait analysis may be
of breeding value for birth weight was close to zero. due to the large negative genetic correlation-@.47
The differences between means of estimates of breed-between fleece weight and fleece grade and small pos-
ing value from single- and seven-trait analyses steadily itive correlations between fleece weight and both birth
increased from 1957 to 1998 to a difference of over weight (0.21) and weaning weight (0.27). Means of es-
0.6 kg. Selection had not been applied directly for birth timates of breeding value for fleece weight did not vary
weight. The final 0.6 kg difference between the two much from the base year to 1976. From 1976 to 1980
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the means of estimates of breeding value increased bya noticeable impact on means of estimates of breeding
0.5 kg from the base year. Means then varied betweenvalue of other traits.

0.4 and 0.5kg heavier than the base year until about

1984, when means of estimates of breeding value be-

gan a decrease to 1.3 kg below the base year by 19974. Implications

although rebounding to only 0.6 kg below the base year

estimates in 1998. The overall decrease from the base Results from this study agree with those of the

year for fleece weight was similar to the overall de-
crease of 0.3kg reported for the Targhéfaiiford et
al., 2003, but different from the 0.3kg increase re-
ported for the ColumbiaHanford et al., 200

Means of estimates of breeding value by year of birth
for fleece grade were similar for single- and seven-trait
analyseskKig. 6) with differences of less than 1 spinning
count from the base year throughout the study period.
Plots of the means by year of birth for fleece grade fol-
lowed a pattern similar to those from single- and seven-
traitanalyses for Columbia and Targhem(ford et al.,
2002, 2003.

Means of estimates of breeding value by year of birth
for staple length were similar for single- and seven-trait
analysesKig. 7) with differences of less than 0.5cm
from the base year throughout the study period. The

previous studies of the Columbia and Targhee breeds
(Hanford et al., 2002, 20Q3that multiple-trait anal-
yses should be used rather than single-trait analyses
when estimating genetic changes because of the impact
including correlated traits has on estimates of breed-
ing values of other traits. Selection based on weaning
performance over a long period could result in a mod-
erate positive response in both litter size at weaning
and weaning weight in flocks of dual-purpose breeds,
such as the Rambouillet, Targhee and Columbia. Al-
though litter size at birth and birth weight are lowly
heritable, positive genetic correlations between both of
these traits and weaning weight and litter size at wean-
ing, which are components of weaning performance,
suggest that selecting for weaning performance would
result in positive genetic gains in both litter size at birth

plots of the mean estimates of breeding value by year and birth weight. Although most of the genetic corre-

of birth for staple length followed a pattern similar to
those for the Targhedd@nford et al., 2008 but a pat-
tern different from that for the Columbiadénford et

al., 2003. For the Columbia breed, the yearly means
of breeding values from the seven-trait analysis were
greater than those from the single-trait analysis, which
was thought to be due to the high correlation between

lations between wool traits and weaning performance
were in an undesirable direction, the correlations were
also low. Selection for increased weaning performance
would offset decreases in wool traits under today’s mar-
ket prices Snowder, 200R

staple length and fleece weight (0.55) and the increaseReferences
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